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Abstract
Purpose Recent years have seen remarkable progress in can-
cer therapy, although treatment-induced adverse reactions and
complications are not uncommon. Approximately 40 % of
patients undergoing chemotherapy for cancer experience ad-
verse reactions in the oral cavity, with nearly half of them
developing severe oral mucositis that necessitates postponing
therapy and/or changing the drug dosage. The objective of this
study was to assess the usefulness of prophylactic professional
oral health care (POHC) for preventing mucositis in patients
undergoing chemotherapy.
Methods Twenty-six female patients scheduled for chemo-
therapy for breast cancer were included in this study and
randomized to the self-care or POHC groups. Assessment
parameters included oral cavity photographs, plaque control
records, Saxon test scores, Oral Assessment Guide scores, and
grading using the Common Terminology Criteria for Adverse
Events. Beginning before surgery and continuing through the
completion of chemotherapy, the POHC patient group re-
ceived weekly professional oral health care, including scaling,
professional cleaning of the tooth surfaces, brushing instruc-
tions, and nutritional and lifestyle guidance.
Results More patients in the self-care group developed oral
mucositis than in the POHC group. The Oral Assessment
Guide score, which was used as an index of oral mucositis,
was also significantly lower in the POHC group. Based on the
Oral Assessment Guide and plaque control records, there was
almost no deterioration of the oral environment in the POHC
group, whereas deterioration was observed in the self-care
group.
Conclusions These findings demonstrate the efficacy of reg-
ular POHC in reducing the risk of oral mucositis in breast
cancer patients undergoing chemotherapy.
Keywords Oral health care . Breast cancer . Cancer
chemotherapy . Oral mucositis . Randomized controlled
study . Quality of life
Introduction
Recent years have seen remarkable progress in cancer therapy,
although chemotherapy-induced adverse reactions and com-
plications are not uncommon. For example, it has been report-
ed that approximately 40 % of patients undergoing chemo-
therapy for cancer develop adverse reactions in the oral cavity,
with approximately half of the patients developing severe oral
mucositis that necessitates changing, postponing, or
discontinuing therapy [1–3]. Pain due to oral mucositis can
make it difficult for patients to ingest food, potentially leading
to malnutrition [4]. This can be accompanied by general
health risks, including lowered immunity and aspiration of
food due to swallowing disorders. Moreover, difficulty in
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ingesting food and poor oral hygiene can result in a synergistic
increase in oral bacteria and an increased risk of aspiration
pneumonia, resulting in a vicious circle.
A report from the USA demonstrated that the presence of
oral/gastrointestinal mucositis symptoms increased the mor-
tality rate due to infections by 4-fold in patients who devel-
oped bone marrow suppression and mucositis and increased
the risk of infection 2-fold in patients with bone marrow
suppression during chemotherapy. A Physician Data Query
from the National Cancer Institute revealed that the rapid
metabolic cycle of oral mucosal cells leads to increased sus-
ceptibility to treatment-related toxicity, and secondary infec-
tion by complex microflora results in the exacerbation of
mucositis symptoms [5].
In response to recently issued guidelines regarding oral
mucositis, it is becoming common practice to include dental
intervention as an essential component of cancer therapy [6].
In Japan, the Japan Dental Association and the National
Cancer Center recommend preventing adverse dental events
by means of dental care before and after surgery for cancer
patients, thus improving the quality of life of patients under-
going treatment [7]. Moreover, Yoneyama et al. reported on
the importance of professional oral care for the elderly [8].
Therefore, it can be expected that with increasing longevity
and improved dental care in Japan, there will be a concomitant
increase in the number of elderly patients with teeth remaining
and/or complex oral prostheses who undergo chemotherapy.
This scenario raises the possibility that the complex oral
environment will be conducive to poor oral hygiene in pa-
tients undergoing chemotherapy, as well as exacerbation of
oral cavity adverse reactions [2, 7]. Furthermore, it has been
postulated that improvement of oral health would alleviate the
symptoms of oral mucositis in patients undergoing chemo-
therapy for solid tumors. Unfortunately, this hypothesis has
not been validated [9]. To address this issue, we conducted the
present study with the aim of assessing the efficacy of pro-
phylactic professional oral health care (POHC), performed by
dentists and dental hygienists, in reducing chemotherapy-
induced oral mucositis in cancer patients.
Patients and methods
Patients
From July 2010 through September 2011, the Department of
Surgery at Tokyo Dental College, Ichikawa General Hospital,
gave oral and written explanations of the present study to
patients who had been diagnosed with breast cancer and were
scheduled to undergo chemotherapy. Twenty-six patients gave
written informed consent to participate and were enrolled in
the study. In Japan, the standard treatment for breast cancer is
adjuvant chemotherapy on an outpatient basis. All participants
in this study had stage I–IV disease according to the criteria of
the Union for International Cancer Control, and they were
scheduled to undergo adjuvant chemotherapy [10].
Most patients received a treatment regimen consisting of
fluorouracil, epirubicin, and cyclophosphamide (fluorouracil
500 mg/m2+epirubicin 100 mg/m2+cyclophosphamide
500 mg/m2). For all patients, treatment was administered as
outpatient neoadjuvant/adjuvant chemotherapy (Table 1). In
addition, there was no significant difference in chemotherapy
regimens between the POHC and self-care groups [5].
The exclusion criteria included absence of informed con-
sent, difficulty in performing POHC due to cognitive impair-
ment, or judgment by the investigator that the patient was not
suitable for enrollment. The study was designed as a random-
ized controlled study, and the protocol was approved by the
Ethics Committee of Tokyo Dental College, IchikawaGeneral
Hospital (Approval Number 204).
Methods
The enrolled patients were randomly allocated to either the
self-care or POHC group. At the time of the first chemother-
apy administration, patients in the self-care group were given
the usual interview discussing adverse oral reactions due to
chemotherapy, and patients were assessed (see “Assessment
parameters” section) and received brushing, nutrition, and
lifestyle guidance. The oral health care approach applied to
the POHC group was as follows. Prior to the start of chemo-
therapy and at the time of the first chemotherapy administra-
tion, the patients were interviewed in the usual manner,
assessed (see “Assessment parameters” section), and given
instructions on brushing, nutrition, and lifestyle. In addition,
patients received weekly POHC consisting of scaling and
polishing. During weekly POHC, the status of the oral cavity
was determined, and further guidance was given on the basis
of that determination. Reassessment was performed in the
second week after chemotherapy initiation, which is believed
to be the time when the symptoms of mucositis are most
severe [1, 2]. The interviews, assessments, and advice (and
treatment in the POHC group) were repeated after the second
cycle of chemotherapy in both groups.
In the self-care group, if the oral cavity exhibited symptoms
of oral mucositis while the patient was on chemotherapy,
POHC was instituted from that time on. For both patient
groups, other dental therapies were performed before chemo-
therapy initiation, as deemed necessary on the basis of the
initial assessments [2]. Continued instruction regarding nutri-
tion and oral hygiene was given during the course of chemo-
therapy. In patients with more severe periodontitis, tooth
extraction was performed as necessary.
To confirm that there were no differences in patient back-
ground characteristics between the two groups, patients were
compared for age, body mass index (BMI), and number of
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teeth. In addition, blood test values before chemotherapy and
2 weeks after chemotherapy were compared between both
patient groups.
All dentists who participated in this study met the criteria
established by the oral care team of Tokyo Dental College,
Ichikawa General Hospital. Similarly, the dental hygienists
who performed POHC in this study met the criteria
established by the oral care team.
Assessment parameters
The assessment parameters consisted of oral cavity photo-
graphs, assessment of the oral mucositis grade using the
United States National Cancer Institute Common Terminolo-
gy Criteria for Adverse Events version 3.0 (NCI-CTCAE)
[11], evaluation of the oral environment using Eilers’ Oral
Assessment Guide (OAG) [12, 13], evaluation of oral hygiene
using plaque control records (PCR) [13, 14], evaluation of dry
mouth and oral moisture using the Saxon test [15, 16] and
MucusTM [16, 17], and gustatory measurements using an
electrogustometer [18–22]. In addition, inflammation of the
oral mucosa due to local or systemic factors, which may
involve the buccal and labial mucosa, palate, tongue, floor
of the mouth, and gingiva, was also assessed in this study.
Oral mucositis was graded according to the NCI-CTCAE
criteria as follows: grade I, erythema of the mucosa; grade II,
patchy ulcerations or pseudomembranes; and grade III, con-
fluent ulcerations or pseudomembranes and bleeding with
minor trauma [11].
Statistical analysis
For statistical analyses of the results, the POHC group was
compared with the self-care group before chemotherapy and
at 2 weeks after chemotherapy initiation, and the data for each
assessment parameter were subjected to the Mann-WhitneyU
test and the χ2 test. Statistical analyses were performed using
SPSS version 19 statistical software (SPSS Inc., Chicago,




A total of 26 patients with histopathologically confirmed
breast adenocarcinoma were included in the study and ran-
domized to the self-care group (n=14) or the POHC group
(n=12). All patients were female, and the mean age was
55.8±9.4 years. There were no significant differences between
the two groups with regard to age, BMI, or number of teeth
(Table 2).
No adverse dental events, such as acute dental infections,
were observed during the course of this study. All patients
completed chemotherapy, and no mortality was observed
during the study period.
Blood test values
Hematological assessment demonstrated that post-
chemotherapy white blood cell counts, platelet counts, and
levels of hemoglobin, total protein, and albumin were not
significantly different from the respective pre-chemotherapy
values in both groups (Table 3).
Table 1 Regimen of adjuvant chemotherapy and deterioration rates for OAG and oral mucositis grade
Regimen Total subjects Patients with deterioration of OAG (%) Patients with deterioration of oral mucositis grade (%)
Self-care POHC Self-care POHC Self-care POHC
FEC 9 9 7 (77.8) 1 (11.1) 3 (33.3) 0 (0.0)
PTX 4 1 2 (50.0) 0 (0.0) 1 (25.0) 0 (0.0)
DTX 1 0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
TC 0 2 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Total 14 12 9 (64.2) 1 (8.3) 4 (28.6) 0 (0.0)
FEC 5-fluorouracil 500 mg/m2 +epirubicin 100 mg/m2 +cyclophosphamide 600 mg/m2 , PTX paclitaxel 80 mg/m2 , DTX docetaxel 60 mg/m2 , TC
docetaxel 70 mg/m2 +cyclophosphamide 600 mg/m2 ), OAG Oral Assessment Guide, POHC professional oral health care
Table 2 Patient background characteristics
Self-care (n=14) POHC (n=12) P value
Age 58.4±9.8 52.8±8.4 0.128
BMI 22.4±3.3 21.8±3.8 0.655
Number of teeth 22.5±7.2 22.7±7.7 0.955
POHC professional oral health care, BMI body mass index
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Assessment of oral environment deterioration
Results of the oral environment assessments, including the
OAG score, oral mucositis grade assessment, PCR, Saxon
test, and tests with the oral moisture checker (MucusTM) and
electrogustometer, are presented in Table 4.
In the POHC group, the OAG score was improved or
unchanged in 11 patients, but 1 patient’s score worsened
during the course of chemotherapy. In the self-care group,
five patients experienced an improvement or no change, and
nine patients showed deterioration of their OAG score after
chemotherapy. There was significantly less deterioration in
the POHC group compared with the self-care group (P=0.01).
With regard to the CTCAE grade (oral mucositis grade
assessment), none of the patients in the POHC group had
grade I or higher oral mucositis. Conversely, in the self-care
group, there were three patients with grade I and one patient
with grade II oral mucositis. Thus, there were significantly
more cases of oral mucositis in the self-care group than in the
POHC group (P=0.04) (Table 4).
The PCR showed numerical improvement in 11 patients
and deterioration in 1 patient in the POHC group after che-
motherapy, as compared with pre-chemotherapy PCR. In the
self-care group, six patients showed improvement, while eight
patients showed deterioration. Thus, the self-care group
showed significantly greater oral health deterioration com-
pared with the POHC group. The Saxon test, oral moisture
checker test (MucusTM), and electrogustometer test each dem-
onstrated no statistically significant differences between the
two treatment groups with regard to changes before and after
chemotherapy (Table 4).
Discussion
This study, the first of its kind, clearly demonstrated the
efficacy of regular POHC on preventing chemotherapy-
induced oral mucositis in breast cancer patients. Borowski
et al. randomized 166 leukemia patients to receive either
professional dental and periodontal care or to receive no
professional oral care. They then investigated the incidence
of oral mucositis due to chemotherapy and radiotherapy and
found that the incidence of oral mucositis in the dental care
group was reduced by 70 % compared with that in the control
group [23]. In addition, Soga et al. performed a retrospective
pilot study in leukemia patients and reported that systematic
oral care using a moisturizer reduced the incidence of oral
mucositis by 20 % [24, 25].
Table 3 Blood test values before and after 2 weeks of chemotherapy (Mann-Whitney U test)
Self-care (n=14) POHC (n=12) P value
WBC Before 5,300.00±1,384.95 6,300.00±1,550.66 0.06
2nd week after 3,500.00±2,220.78 4,950.00±2,160.58 0.237
PLT Before 26.25±4.79 25.80±3.83 0.877
2nd week after 32.40±10.80 32.35±10.64 0.898
Hb Before 12.15±1.11 13.70±1.27 0.033
2nd week after 11.05±1.36 12.40±1.21 0.129
TP Before 6.75±0.67 7.35±0.34 0.075
2nd week after 6.65±0.51 6.85±0.44 0.163
Alb Before 4.25±0.35 4.55±0.32 0.016
2nd week after 4.05±0.44 4.10±0.30 0.348
POHC professional oral health care, WBC white blood cell, PLT platelet, Hb hemoglobin, TP total protein, Alb albumin






OAG 64.3 (9) 8.3 (1) 0.005
Oral mucositis grade 28.6 (4) 0.0 (0) 0.044
PCR 57.1 (8) 8.3 (1) 0.012
Saxon test 35.7 (5) 41.7 (5) 0.536
MucusTM 21.4 (3) 33.3 (4) 0.404
Electrogustometer 21.4 (3) 25.0 (3) 0.596
POHC professional oral health care, PCR polymerase chain reaction, OAG Oral Assessment Guide
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The present study was performed in breast cancer outpa-
tients who underwent chemotherapy, a patient population
expected to show milder adverse reactions, including oral
mucositis, as compared with leukemia patients. However,
prior to this study, there have been no reports of oral health
care in conjunction with chemotherapy for solid cancers.
Since the report by Borowski et al. in 1994, there have been
no investigations on the efficacy of POHC in anticancer
therapy consisting only of chemotherapy. In addition, there
have been no reports of randomized comparative studies on
oral cavity adverse reactions in cancer outpatients undergoing
chemotherapy. Since it can be anticipated that the future will
see greater numbers of such patients, the importance of
conducting clinical studies in these patients is apparent. In
Japan, it was reported that only 14% of hospitals have a dental
department, and 20 % of those departments did not perform
oral care for patients in other departments [26]. Because the
present study demonstrated the importance of POHC per-
formed by dentists and dental hygienists, treating physicians
should consider collaboration with family dentists when
performing outpatient chemotherapy. Moreover, establishing
comprehensive medical teams of dentists, dental hygienists,
physicians, pharmacists, nurses, and professionals from other
related disciplines will enable the delivery of safer and higher
quality medical care to patients, in addition to reducing the
individual burden on physicians and nurses [6].
No acute dental infections occurred in either patient group
in our study. This may be because, prior to starting chemo-
therapy, we administered appropriate dental care (including
extractions) as necessary in all enrolled patients. On the other
hand, while there were no cases of oral mucositis in the POHC
group, four patients in the self-care group (28.6 %) developed
oral mucositis of grade I or higher severity, which was a
statistically significant difference. Significant deterioration of
the OAG score, an index of the oral environment, was also
seen in the self-care group. In addition, significantly more
patients in the self-care group had deterioration of the PCR
score, an index of an unclean oral cavity. Katsura et al. per-
formed oral care, centered on moisturization, for dry mouth in
patients undergoing radiotherapy for head and neck cancers.
In their study, an increase in the decayed, missing, or filled
tooth (DMFT) index after 3 years correlated with the timing of
intervention, and dry mouth was significantly reduced in
patients who had begun oral care prior to radiotherapy [27].
In our study, the results of the Saxon test and the test using
the oral moisture-checking device, used as indices of oral
dryness, were not significantly different between the POHC
and self-care groups. Nevertheless, we believe that it is nec-
essary to perform oral care focused on maintaining oral mois-
ture in order to prevent deterioration of the oral environment
due to dryness. Electrogustometry also resulted in no signifi-
cant differences between the two groups, although the post-
chemotherapy taste recovery period appeared to be shorter in
the POHC group than in the self-care group. However, more
detailed studies of these aspects are warranted.
By maintaining the oral environment, POHC reduces the
number of bacteria in the mouth and thereby reduces the
incidence of secondary infections of the oral mucosa and
periodontal tissues [1, 28–30]. In our study, it can be surmised
that because oral mucositis was prevented and the patients
experienced no symptoms, such as pain or bleeding, patients
in the control group might have performed adequate self-care.
Moreover, we believe that regular assessment of patients’ oral
cavities by dentists and dental hygienists, followed by strict
guidance when deemed necessary, would lead to early discov-
ery of problems such as dry mouth, furry tongue, and mucosal
injury due to improper self-care. Suitable countermeasures
could then be taken, and this would translate into better
maintenance of the oral environment as well as improved
patient motivation to perform adequate self-care.
There were certain limitations to this study, including the
small sample size. We previously determined that including a
minimum of 12 patients in each group would allow for estab-
lishing significance; however, additional studies with larger
sample sizes are warranted to further confirm our results.
Moreover, there was variability in the chemotherapy regimens
administered between the POHC and self-care groups. Nev-
ertheless, we believe that our results clearly demonstrate the
importance of POHC in patients receiving chemotherapy.
The results of this study in breast cancer patients receiving
adjuvant chemotherapy demonstrated that performance of
POHC beginning before the start of chemotherapy significant-
ly reduced both deterioration of the oral environment and the
incidence of oral mucositis. These findings confirm the effi-
cacy of regular prophylactic POHC in cancer patients.
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